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SUMI.TARY
The most contrnon diseases that  occur in the oral  cavi ty are dental
decay  ( ca r i es )  and  i n f l ammat i on  o f  t he  so f t  t i s sues  su r round ing  t he
tee th  ( pe r i odon ta l  d i sease ) .  Bo th  ca r i es  and  pe r i odon ta l  d i sease  a re
caused  by  bac te r i a l  me tabo l i t es  i n  t he  p l aque ,  an  o rgan i c  l aye r  on  t he
t o o t h  s u r f a c e ,  w h i c h  c o n s i s t s  o f  b a c t e r i a  i n  a  r n a t r i x  c o m p o s e d  o f  p r o -
t e i ns  and  po l ysaccha r i des .  The  bac te r i a  i n  t he  p l aque  d i ges t  suga r  t o
€^ * *  ^ - ^ ^ * i ^  ^ ^ : ) ^  - vh i ch  cause  t he  d i sso lu t i on  o f  t he  t oo th  ename l! w r U r  u L 6 o r r t L  d L r u r ,  !
( c a r i e s ) .
T h e  d e n t a l  p l a q u e  i s  a t t a c h e d  t o  a  b a c t e r i a - f r e e  p r o t e i n  l a y e r
p resen t  on  l he  t oo th  ename l .  Th i s  p ro te i n  l aye r  i s  ca l l ed  t he  acqu i r ed
e n a m e l  p e l l i c I e  o r  m o r e  s i m p l y  t h e  " p e l l i c l e " .  T h e  p e l l i c l e  f o r m s  o n
lhe  t oo th  su r f ace  as  a  r esu l t  o f  se l ec t i ve  adso rp t i on  o f  sa l i va r y  p ro -
t e i n s ,  e . g .  s o m e  p r o t e i n s  a r e  a d s o r b e d  i n  l a r g e r  q u a n t i t i e s  t h a n o t h e r s .
The  pe l l i c l e  f o rms  ve ry  r ap id l y .  I n  consequence  t h i s  l aye r  de te rm ines
the  a t t achmen t  o f  bac te r i a  on to  t he  t oo th  su r f ace .  Fu r t he rmore  t he  pe1 -
l i c l e  has  been  shown  t o  p ro tec t  t he  ename l  aga ins t  ac i d  a t t ack .
I!s-elq-g!-!!::-ily::!rss!1e!-vse-!9 :
a )  i so l a te  and  cha rac te r i ze  some  o f  t he  sa l i va r y  p ro te i ns  f ound  i n  t he
D e r l r c r e .
b )  i nves t i ga te  wh i ch  o f  t he  p rope r t i es  o f  sa l i va r y  p ro te i ns  a re  impo r -
i ^ - i  i -  t s L ^  ^ l ^ ^ - r f iL r r E  d u r u r P L r v r r  P r u L L r r  t
c )  ob ta i n  i n f o rma t i on  on  t he  mechan i sm o f  p ro te i n  adso rp t i on  on to  t oo th
ename l .
Chan te r  I  i s  a  sho r t  i n t r oduc t i on  t o  t h i s  t hes i s .  I t  can  be  seen
: : :E : : :_ :
t ha t  adso rbed  p ro te i n  l aye rs  f o rm  on  any  su r f ace  i n  con tac t  w i t h  body
f l u i ds .  A  sho r t  desc r i p t i on  o f  t he  pe l l i c l e  i s  i nc l uded  and  a  number
o f  i t s  f u n c t i o n s  a r e  d i s c u s s e d .
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Chap te r  2  desc r i bes  t he  resu l t ' s  o f  o t he r  i nves t i ga t i ons  re l evan t
t o  t h i s  t hes i s .  These  a re  ma in l y  conce rned  w i t h  t oo th  ename l ,  human
sa l i va  and  p ro te i n  adso rp t i on  on to  so l i d  su r f aces ,  i n  pa r t i cu l a r  on to
enamel or  onto pure hydroxyapat i te ( tooth enamel is  composed of  987"
h y d r o x y a p a t i t e  b y  w e i g h t ) .
The reasons  f o r  us i ng  i n t ac t  ename l  su r f aces ,  submand ibu la r  sa l i va  and
syn the t i c  homopo l ypep t i des  i n  t h i s  s t udy  a re  a l so  d i scussed .
ChapEer  3  desc r i bes  t he  i so l a t i on  and  cha rac te r i za t i on  o f  some  o f
ah .  p ; ; ; ; "  o - . u " " , l a  i n  bo th  human  submand ibu la r  sa l i va  and  ' i n  v i t r o '
p e l 1 i c l e s ,  F o u r  o f  t h e s e  p r o t e i n s  w e r e  p u r i f i e d ;  t h r e e  o f  t h e m  ( I ,  I I ,
I I I )  h a d  a c i d i c  p r o p e r t i e s  ( i s o e l e c t r i c  p o i n r  -  4 . 7 ) ,  w h e r e a s  t h e
f o u r t h  ( I V )  h a d  a n i s o e l e c c r i c  p o i n r  o f  6 . 9 .
T h e  p r o r e i n s  l l  a n d  I I I  c o n L a i n e d  p h o s p h a t e .  T h e  p h o s p h o p r o t e i n s  w e r c
adso rbed  on to  hyd roxyapa t i t e  i n  l a rge r  quan t i t i e s  t han  t he  non -phos -
pho ry l a ted  p ro te i ns .
The  adso rp t i on  o f  Lwo  pos i t i ve l y  and  two  nega t i ve l y  cha rged  homo-
polypept ides onto tooth enamel is  descr ibed in 9L1p_1._t__1.
The  adso rp t i on  was  s fud ied  by  i ncuba t i ng  bov ine  ename l  s l abs  i n  a  pep -
r i d e  s o l u t i o n f o r d i f f e r i n g  p e r i o d s  o f  t i m e .  T h e  a m o u n t  o f  p e p t i d e  a d -
so rbed  was  ca l cu l a ted  f r om the  d i f f e rences  i n  pep t i de  concen t ra t i on  i n
so lu t i on  be fo re  and  a f t e r  i ncuba t i on .  The  t \ , , / o  pos i t i ve l y  cha rged  ho rno -
po l ypep t i des  po l y -L - l y s i ne  (PL ) ,  po l y -L -o rn i t h i ne  (P0 )  and  l he  nega -
t i ve l y  cha rged  po l y -L -aspa r t i c  ac i d  (Pa )  gave  s im i l a r  r esu l t s .  F rom the
amoun ts  adso rbed  i t  has  been  conc luded  t ha t  t hese  pep t i de  mo lecu les  a re
adso rbed  us i ng  on l y  ve r y  f ew  am ino  ac i d  r es i dues .  A l t hough  no  adso rp -
t i on  cou ld  be  measu red  f o r  t he  nega t i ve l y  cha rged  po l y -L -g l u tam ic  ac i d
(PG) ,  con tac t  ang le  measu remen ts  showed  t ha t  adso rp t i on  o f  PG d id  ,  i n
f a c t ,  o c c u r .
S j n c e  E h e  p e p t i d e  m o l e c u l e s  a r e  h i g h l y  c h a r g e d  u n d e r  t h e  e x p e r i -
men ta l  cond i t i ons ,  t he  amounE  adso rbed  can  no t  be  exp la i ned  un less  a
cha rge  neuL ra l i za t i on  occu rs  i n  Ehe  adso rbed  l aye r .  The  number  o f  ca l -
c i um  and  phospha te  i ons  i n  so l u t i on  a fEe r  t he  adso rp t i on  p rocess  i n -
d i ca tes  t ha t :
a )  po l ypep t i des  wh i ch  a re  adso rbed  on to  t he  su r f ace  re l ease  i ons  o f  t he
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same  cha rge  f r om the  su r f ace  (e .g .  ca l c i u rn  i ons  as  a  r esu l t  o f  adso rp -
t i on  o f  pos i c i ve l y  cha rged  PL  and  P0 ) ,
b )  i ons  o f  oppos i t e  cha rge  a re  bound  t o  t he  su r f ace  (e .g .  phospha te
as  a  r esu l t  o f  adso rp t i on  o f  PL  and  PO) .
A  mode l  f o r  t he  adso rbed  l aye r  has  been  p roposed  as  a  r esu l t  o f
t hese  measu remen ts ,  i n  wh i ch  t he  mu tua l  r epu l s i ve  cha rges  o f  t he  ad -
so rbed  pep t i d€  mo lecu les  a re  neuEra l i z . ed  by  d i va l en t  i ons  o f  oppos i t e
c h a r g e  w h i c h  d i s s o l v e  f r o m  t h e  e n a m e l  s u r f a c e .  T h e  a f f i n i t y  o f  t h e  p e p -
t i de  mo lecu les  f o r  d i va l en t  coun te r  i ons  was  con f i rmed  by  d i a l ys i s  ex -
pe r imen ts .  C i r cu l a r  d i ch ro i s rn  measu remen ts  o f  pep t i des  i n  so l u t i on
sugges t  t ha t  d i va l en t  coun te r  i ons  i nduce  a  mo re  compac t  mo lecu la r
shape .  Mo lecu la r  en tw in i ng  i n  t he  adso rbed  s ta te  may  t he re fo re  be  ex -
pec ted .
The  d i f f e rence  i n  adso rp t i on  behav iou r  be tween  po l y -L -g l u tam ic
ac id  (PG)  and  po l y -L -aspa r t i c  ac i d  (PA)  i s  t en ta t i ve l y  exp la i ned  by  an
adso rp t i on  mode l  i n  wh i ch  PG i s  adso rbed  by  an  i n t e rac t i on  o f  many
am ino  ac i d  s i de  cha ins  f o rm ing  a  f l a t  mono laye r ,  whe reas  PA  i s  on l y
adso rbed  t h rough  some  am ino  ac i d  r es i dues  on l y .
A rnodel  has been proposed for  the interact ion beEween enamel and
p ro te i n  a t  t he  a tom ic  l eve l r based  on  t hese  expe r imen ts  and  on  da ta  ob -
t a i ned  f r om co lumn  ch roma tog raphy  on  hyd roxyapa t i t e  as  desc r i bed  by
o the rs ,  I n  t h i s  r node l  pos i t i ve l y  cha rged  am ino  g roups  i n t e rac t  w i t h  ne -
gat ively charged phosphate groups on the enamel surface.  An exchange
reac t i on  has  been  p roposed  f o r  t he  nega t i ve l y  cha rged  ca rboxy l  g roups
o f  t he  p ro te i ns  i n  wh i ch  t he  ca rboxy l  g roups  rep lace  a  phospha te  g roup
in  t he  ename l  c r ys ta l  su r f ace .
The  adso rp t i on  o f  t he  pu r i f i ed  sa l i va r y  p ro te i ns  ( chap te r  3 )  i s
desc r i bed  i r  gbgp le f_5 .
A rernarkable di f ference was found belween the amounts of  phosphopro-
t e i ns  and  non -phospho ry l a ted  p ro te i ns  adso rbed .  The  phosphop roEe ins
reached  adso rp t i on  p l a teaus  s im i l a r  t o  t he  va lues  f ound  f o r  t he  homo-
po l ypep t i des  ( chap te r  4 ) .  The  amoun ts  o f  po l ypep t i des  adso rbed  cou ld
be  exp la i ned  by  t he  e f f ec t  o f  t he  neu t ra l - i z i ng  i ons  and  t he  f l exab i l i -
r r ,  ^ f  r l ' o  n o - r i l ^  ^ h a i n .  S i n c e  t h e s e  n a t i v e  m o l e c u l e s  a r e  n o i : s  h i q h -s r  r r r S l r
























t r a t i on  o f  ca l c i um and  phospha te  i n  so l u t i on  cou ld  no t  be  measu red ,
These  i ons  a re  no t  essen t i a l  i n  t he  adso rp t i on  p rocess  s i nce  na t i ve
p ro te i ns  con ta i n  bo th  pos i t i ve l y  and  nega t i ve l y  cha rged  g roups .  No  re -
pu l s i on  bec r ^ /een  adso rbed  mo lecu les  i n  t he  adso rbed  l aye r  t he re fo re  oc -
S ince  no  agg rega t i on  be tween  p ro te i n  mo lecu les  was  obse rved  i n  so -
l u t i on  i n  t he  p resence  o f  ca l c i um and  phospha te  i ons  ,  i t  can  be  con -
c l uded  t ha t  t he  adso rp t i . on  o f  t he  mo lecu les  i n  a  mu l t i l a ye r  i s  un l i ke -
l y  and  t ha t  adso rp t i on  i n  a  mono laye r  i s  mo re  p robab le .  Th i s  mono laye r
mode l  f o r  p ro te i n  adso rp t i on  sugges t s  a  t andom co i l  con fo rma t i on  f o r
t he  phosphop ro te i ns ,  wh i ch  a l l ows  t he  mo lecu les  t o  o r i enEaEe  a t  t he
s u r f a c e  i n  a  v e r y  d e n s e  l a y e r .
I t  i s  no t  on l y  t he  amoun t  adso rbed ,  bu t  a l so  t he  s t r eng th  o f  ad -
so rp t i on  wh i ch  p rov i des  impo r tan t  i n f o rma t i on  on  t he  adso rp t i onp rocess .
Column chromatography exper i rnents using powdered enamel \ , rere carr ied
ouE  to  measu re  t hesCrengcho f  adso rp t i on .  Bo th  t he  Lype  and  t he  con -
cen t raE ion  o f  t he  bu f f e r s  a t  wh i ch  t he  p roce ins  I ' e re  r e l eased  f r om the
co lumn  we re  used  as  a  quanE i t a t i ve  measu remen t .
These  expe r imen ts  r evea led  t ha t  phosphop ro te i ns  we re  bound  more  f i rm l y
to  t he  ename l  su r f ace  t han  non -phospho ry l a ted  p ro te i ns .  Th i s  obse rva -
t i on  can  be  exp la i ned  by  asc r i b i ng  che  g rea tes t  impo r tance  i n  p ro te i n
adso rp t i on  on to  ename l  t o  an  exchange  reac t i on  i n  wh i ch  phospha te
g roups  on  t he  p roEe in  mo lecu le  r ep lace  phospha te  g roups  on  l he  enane l
s u r f a c e .
Ex t rapo la t i on  o f  t he  da ta  on  adso rp t i on  s t r eng th ,  t o  t he  t i n  v i vo t
pe l l i c l e  s i t ua t i on  sugges t s  t ha t  t he  pe l l i c1e /ename l  i n t e r f ace  w i l l  be
sa tu ra ted  w i t h  phosphop ro te i ns  as  a  f unc t i on  o f  t ime .  P robab l y  t h i s
sa tu ra t i on  o f  t he  su r f ace  w i t h  phosphop ro te i ns  i s  essen t i a f  1n  o i ' a  t l r o
p e l 1 i c 1 e  i t s  p r o t e c t i v e  f u n c t i o n .
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